and Al and Ca respectively. However, microlites of plagioclase, orthopyroxene and 23 clinopyroxene are indistinguishable from the compositions of these phases in the mafic 24 inclusions. We infer that the inclusions disaggregated under conditions of high shear stress 25 during ascent in the conduit, transferring mafic material into the andesite groundmass. The 26 mafic component of the system is therefore greater than previously thought. The presence of 27 mafic-derived microlites in the andesite groundmass also means that care must be taken when 28 using this as a starting material for phase equilibrium experiments. 29 30 31
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INTRODUCTION
is used for large crystals, regardless of their origin (c.f. Davidson et al. 2007 ); 'microlite' is 85 used for crystals smaller than ~100 μm, and 'microphenocryst' is used for crystals 86 approximately 100-300 μm, following Murphy et al. (2000) . In the andesite, the phenocryst 87 assemblage is plagioclase + hornblende + orthopyroxene + Fe-Ti oxides, with minor apatite, 88 quartz and clinopyroxene, and rare zircon. The groundmass comprises plagioclase + 89 orthopyroxene + clinopyroxene + Fe-Ti oxides + rhyolitic glass. In some samples, the glass is 90 partly devitrified or has undergone phase separation to patches of glass enriched in Ca+Na 91 and patches enriched in K+Fe (Cashman, 1992) . Quartz is present in the groundmass of some 92 samples, where it can act as a nucleation point for intergrowths of feldspar and quartz. samples also contain a minority of hornblende phenocrysts with thick, cpx-rich, thermal 111 reaction rims ) of plagioclase + pyroxene (aligned parallel to the 112 c-axis of the amphibole grain) + oxides + glass (figure 1b). These result from heating the 113 amphibole above its thermal stability limit, which is thought to be ~ 880 °C (Barclay et al.
114
1998). In these phenocrysts, any included plagioclase are commonly sieved and any 115 orthopyroxene inclusions have Mg-rich rims or clinopyroxene overgrowths. Orthopyroxene 116 phenocrysts are euhedral and may have Mg-rich rims or, less commonly, overgrowths of 117 clinopyroxene. These are interpreted as indicators of heating .
118
Some of the reversely zoned rims comprise two distinct zones of Mg-enrichment (figure 1c) 119 followed by normal zoning, suggesting multiple episodes of heating. 120 121
Mafic inclusions 122
The andesite contains macroscopic mafic inclusions as observed in previous stages of the 123 eruption are substantially higher (~9 wt%, ~4.2 wt%) than those of the andesite (~ 6.5 wt% FeO, ~3 310 wt% MgO). The temperatures calculated from 2-pyroxene geothermometry are also 311 considerably higher for the basaltic andesite (~1050 -1100 °C) than the andesite (~ 850 °C).
312
The high-Fe, high-Mg, high-X An analyses of sieved and mafic inclusion plagioclase are 313 therefore consistent with crystallisation from the hotter, more mafic environment in the 314 basaltic andesite. The microlite analyses are chemically indistinguishable from the mafic 315 plagioclase, thus it seems likely that they also crystallised in a hotter, more mafic 316 environment. The inflection in FeO at approximately An 75 in the Montserrat data (not 317 observed for El Misti) suggests that the trend described by the sieved and mafic plagioclase 318 reflects fractional crystallisation, with FeO (m) initially increasing, before starting to decrease 319 with continued crystallisation. We suggest that this is probably related to early crystallisation 320 of pyroxenes in the mafic inclusions, followed by Fe-Ti oxides, which would result in falling 321
FeO (m) . This implies that the basaltic andesite inclusions were largely liquid when they mixed 322 into the andesite. (Zellmer et al. 2003b ); these are also consistent with this 419 interpretation. The occurrence of Fe-rich outer rims suggests that contact with mafic magma 420 was one of the last things to happen prior to eruption of these crystals.
422
Transfer of crystals between mafic inclusions and andesite 423
The nature of interaction between mafic and silicic magmas depends strongly on the relative 424 proportion of the incoming mafic magma, as well as the contrast of temperature and viscosity 425 between the two end-members (Sparks & Marshall 1986 of the vesicles in the mafic inclusions and crystal clusters (see figure 1) suggests that the 440 cooling magma formed a strong crystal framework and that vesiculation occurred during 441 cooling. The strong framework of crystals would make the inclusions susceptible to later 442 mechanical disaggregation (Martin et al. 2006 ), and we suggest that this is the most likely 443 mechanism for transferring the mafic microlites to the andesite. This is supported by the wide 444 size distribution of mafic material, from macroscopic inclusions down to crystal clusters and 445 isolated crystals, including the strongly reacted plagioclase, orthopyroxene and hornblende 446 crystals which had started out in the andesite. Mechanical disaggregation of inclusions was 447 also envisaged at Tatara -San Pedro volcano, Chile (Feeley & Dungan 1996) . 448 449
However, the timing and mechanism of disaggregation is unclear. Possible mechanisms 450 include mechanical abrasion of the chilled margins (Feeley & Dungan 1996) 
